In a preceding article, 1 it was shown that the malignant fibroblasts of Sarcoma No. 10 of the Crocker Foundation differ from the normal cell type in certain physiological properties which are undoubtedly responsible for their malignancy. In order to ascertain whether these properties are of general significance, an analysis must be made of the behavior of the active element of as many experimental tumors as possible. Some hidden characteristics common to all tumor cells may then become apparent. The purpose of the experiments described in the present paper was to study the fibroblasts of Jensen sarcoma when they are isolated in pure culture, and to compare them with normal fibroblasts and with the malignant cells of Sarcoma No. 10.
Isolation of a Strain of Malignant Fibroblasts from Jensen Sarcoma.
Jensen sarcoma has been studied by many investigators, and its characteristics are well known. A fragment of this tumor, when sectioned and stained, appears to be composed mainly of fusiform cells with large clear nuclei. Between the cells are seen the darker nuclei of macrophages. These macrophages are about one-sixth less numerous than the fibroblasts. The tumor is easily propagated by transplantation to rats, and kills the animals without producing any metastases.
1 Carrel, A., and Ebeling, A. I-I., J. :Exp. Med., 1928, xlviii, 105. 285 An ac[ive strain of Jensen sarcoma was obtained by us from the Crocker Foundation, through the kindness of Dr. Woglom. On January 6, 1928, a few fragments of a tumor freshly extirpated from a rat were cultivated in three D-3 flasks containing a solid medium composed exclusively of diluted chicken plasma. Mter coagulation, the clot was washed twice with Tyrode solution and the fluid medium introduced. The medium in the first flask consisted of rat serum, in the second of chick embryo juice, and in the third of Tyrode solution. During the first 24 hours of incubation, the tissue fragments surrounded themselves with macrophages, but these cells were present in a much larger number around the tissues cultivated in serum than around those cultivated in embryo juice. After a few days, the cultures made in embryo juice were composed almost exclusively of fibroblasts, and the area covered by the migrating cells was not very extensive. From the tissues cultivated in rat serum and in Tyrode solution, a large number of macrophages and fibroblasts migrated. After about 10 days, the cultures were transferred to other flasks and an attempt was made to isolate a strain of fibroblasts and a strain of macrophages by cultivating the tissues in different media. One of the media was composed exclusively of rat serum, and the other of chick embryo juice. Most of the tissues fed exclusively on embryo proteins died. The fragments cultivated in rat serum, on the contrary, grew actively, and after about a month a pure strain of cells resembling fibroblasts was obtained. The wandering cells completely disappeared. Each colony of fibroblasts was allowed to grow for about 8 or 10 days in the solid medium. Then the coagulum was removed from the flask and the tissues were extirpated and embedded in a fresh coagulum in another flask.
Inoculations into rats of some of the pure cultures of fibroblasts during February, March, and April, 1928, were followed in about 10 days by the appearance of a small tumor which grew rapidly later. The fibroblast-like cells were obviously malignant.
Morphological Characteristics of the Malignant Cells.
The cytological study of the cultures has been made according to the technique described in a previous article. * The colonies are composed Carrel, A., and Ebeling, A. H., J. Exp. Med., 1926, xliv, 261. of spindle-shaped ceils, with a large nucleus and a refringent cytoplasm. Instead of sending forth fan-like processes, as normal and sarcomatous fibroblasts often do, these cells are strictly fusiform, and rarely present any lateral branches (Fig. 1) . Their size is equal to that of normal fibroblasts. The surface of the cells averages 1~456 sq. /~, and that of the nucleus 205 sq. /z. The nucleus is broad and short, and contains one or two nucleoli. The segregation apparatus is composed of small, dust-like vesicles. No degeneration vacuoles were observed. The mitochondria are slightly shorter and larger than those of normal cells. There is no abnormal mitosis. Very few binudeate cells are seen. None of the nuclear or cytoplasmic structures show any evidence of degeneration. There are no dead cells in the cultures. It is evident that this malignant element of Jensen sarcoma is a healthy cell.
Architecture of the Colonies.
The malignant cells congregate in a tissue which is not very dense. They have some tendency to scatter. Their processes do not form an intricate network as in the colonies of normal and Sarcoma No. 10 fibroblasts. The appearance of the tissue is loose. The Jensen colonies are typically fibroblastic in structure, although they may slightly resemble certain communities of macrophages. They are round or oval in shape, less extensive, and more transparent than those of Sarcoma No. 10. From the outer edge of the tissue, many ceils wander freely into the surrounding medium. However, they remain bipolar and fibroblast-like, and never assume the appearance of macrophages. From the point of view of their texture, the colonies vary in some measure according to the nature of the medium. In rat serum, they are denser than in chick embryo juice or in calf liver digest. After several months of life in chick embryo juice, some cultures have become thicker and assumed an appearance practically similar to that of Sarcoma No. 10.
Residual Growth Energy.
The residual growth energy of Jensen fibroblasts was tested by the duration of the life and the extent of the growth of the colonies in a PROPERTIES OF ~IBROBLAST AND MACROPHAGE. IV medium composed~of Tyrode solution (Text- fig. 1 ). ments were made, as summarized in Table I . 
Rate and Duration of the Growth.
The rate of growth of the strain was ascertained in the usual way by measuring the area of the colonies cultivated in a nutrient medium. s In Table II , the results of fifteen experiments are summarized, where the relative increases in nutrient media during a passage of several days were compared for 5 to 17 days in the course of a few passages. The area of the colonies may increase about five times in 6 days. The rate of growth varies a great deal, depending on the previous condition of the strain and some other factors. The duration of the life of the tissue in a nutrient medium would appear to be unlimited. After 4 months of life in vitro, the malignant fibroblasts proliferate as actively as at the beginning of their cultivation. The inoculation of such cultures into rats produces a tumor in a few days. Therefore, it seems probable that they can live indefinitely in vitro without losing their malignancy.
Action of Jensen Fibroblasts on Their Medium.
1. Liquefaction of the Fibrin.--When sarcomatous cells were cultivated in washed chicken plasma, no digestion of the coagulum ever occurred. The medium remained homogeneous. When cultivated in rat plasma, the cells digested the eoagulum, as happened in the cultures of Sarcoma No. 10 and of Rous sarcoma.
2. Acid Production.--Fragments of fresh tumor and of fibroblasts in pure culture were embedded in diluted chicken plasma, coagulated with embryo juice, and stained with phenol red, as with Sarcoma No. 10. Mter a few hours, the sarcomatous colonies appeared as golden yellow spots on the pink background of the medium.
Food Requirements.
Jensen fibroblasts multiplied readily in rat serum (Table II, Text- fig. 2 ). Colonies have been kept in a mixture of rat serum and Tyrode solution for 4 mouths, and are still growing with unabated activity. They did not develop in chicken serum (Table III, Text- fig. 3 ). When the malignant fibroblasts were placed in chick embryo juice, they grew s Carrel, A., J. Exp. Med., 1923, xxxviii, 407 . Table IV . Calf liver digest appears to be a better nutrient medium for sarcoma cells than serum (Text-fig 4) . It has supported their proliferation for a long time. After 35 days cultivation in such a medium, the sarcoma fibroblasts proliferate with undiminished rapidity.
E~ed of Bone Marrow on Jensen Fibroblasts.
A culture of Jensen fibroblasts was divided into two equal parts. The halves were embedded at the opposite sides of a D-3 flask in a A pure strain of fibroblast-like cells, obtained from a fragment of Jensen sarcoma, has maintained its malignancy unimpaired after several months of life in vitro. The element which is the carrier of the malignant characteristics appears to be a true fibroblast, from a morphological point of view. It differs from the rat fibroblasts observed in pure cultures by the refringement aspects of the cytoplasm and its coarseness. The cell is generally bipolar and does not send out any fan-like processes (Fig. 1) . Instead of being long and slender as in the normal cells, the nucleus is more globular. While the projected areas of the cell and nucleus of the normal type are respectively 1,960 and 189 sq. #, those of the Jensen cell are 1,456 and 205 sq. #. The size of the nucleus is relatively larger in the neoplastic than in the normal cell. The small segregation apparatus is composed of dustlike vesicles and a large number of very small fat granules. No cytoplasmic inclusions or degeneration vacuoles are observed. The mitochondria are shorter and larger than those of normal fibroblasts.
This cell is smaller than the malignant element of Sarcoma No. 10, which has a total area of 2,300 sq. #, and a nuclear area of 230 sq. #. Neither malignant cell shows any abnormality. They are healthy elements. The morphological characteristics, by which the specific properties of the cells may express themselves, have not as yet been discovered. It is probable that such characteristics will be detected when more elaborate techniques are used in the morphological investigation of the nucleus and the cytoplasm.
There is a striking difference between the Jensen sarcoma fibroblasts in pure cultures, and the elements composing this same tumor under the circumstances in which it has been studied by other workers. In order that the discrepancies in the results of the investigations may be correctly interpreted, it must be remembered that previous studies of Jensen sarcoma have been made on tissues just removed from the animals, or on fragments of tissues "cultivated" ir~ ~tro with the technique developed 15 years ago. According to this early procedure, which is still favored by many experimenters in this country and in Europe, a fragment of tissue is placed on a cover glass in a drop of plasma, and, under conditions that are uncontrolled and unknown, it survives for a few days and degenerates. In this manner, Fell and Andrews, ~ after a careful cytological study of Jensen sarcoma, have recently described a number of abnormalities and degenerative phenomena, such as binucleate and multinucleate cells and abnormal mitoses. Similar observations had previously been made on sarcoma tissues by Lambert and Hanes. 6 Fell and Andrews 5 noted enlarged centrospheres, similar to those described by Lewis 7 in degenerating mesenchyme cells. They also observed epithelioid cells which differed from the fibroblast-like cells and from the wandering elements, and cells too that were greatly enlarged. These giant cells obviously came from the fibroblast-like cells. They usually contained one or two nuclei. The authors did not believe that there is any histiogenic relationship between those cells and the macrophage type which they also described. They supposed that the malignant component may be the macrophage, while the fibroblast represents the stroma element.
These abnormalities are evidently phenomena of secondary importance. They are not directly connected with the malignant characterisfics of the cell, since typically malignant sarcoma fibroblasts, after they have lived for some months in pure culture, do not show any of these peculiarities. They must be attributed to the conditions which are brought about by the crowding of the cells, the setting free of toxic substances by the tissue itself, etc. It is evident that the mere observation of a fragment of tumor surviving in vitro for a few days, according to the procedure adopted by Fell and Andrews, 5 and other experimenters, is inadequate for ascertaining the characteristics which are specific of any cell type. For the fact is that the Jensen fibroblasts, properly cultured in the pure state, retain malignancy and do not show any striking morphological abnormalities which can be detected by the techniques used thus far. However, they differ from the normal fibroblasts by their relatively coarse structure and the special character of their colonies. The texture of the tissue which they form is not dense, although after a few months of growth in vitro Fell, H. B., and Andrews, J. A., Brit. J. Exp. Path., 1927, viii, 413. s Lambert, R. A., and Hanes, F. M., J. Exp. Med., 1911, xiii, 495; xiv, 129; J. Am. Med. Assn., 1911 , lvi, 33,791. Hanes, F. M., and Lambert, R. A., Proc. Soy. Exp. Biol. and Med., 1910 -11, viii, 113. Lewis, W. H., J. Exp. Med., 1920 it becomes more compact. The cells have some tendency to scatter as macrophages do. But in spite of this characteristic, their colonies are typically fibroblastic, and do not resemble at all the groups of wandering cells scattered through a plasma coagulum. They may be distinguished at first sight from the colonies of Sarcoma No. 10 fibroblasts because they are less opaque, and their elements are less closely interwoven.
The residual growth energy of the Jensen fibroblasts is a little greater than that of normal fibroblasts and of the cells of Sarcoma No. 10. Their rate of growth in a nutrient medium does not differ markedly from that of these other cells. Like them they multiply in vitro to an unlimited degree. They feed upon chick embryo juice and on calf liver digest, as do normal fibroblasts and Sarcoma No. 10 fibroblasts. But they differ notably from both cells in that like macrophages they are able to grow indefinitely in rat serum. It is well known that normal fibroblasts die in a short time in such a medium; and Sarcoma No. 10 cells do not survive more than 10 days in diluted blood serum. The capacity of multiplying when placed in diluted serum is of great importance, as it enables the Jensen fibroblasts to grow within the interstitial lymph of the adult organism without the help of any other cell.
The Jensen fibroblasts differ from the normal type in two other respects. They liquefy coagulated rat plasma and produce a large amount of acid. It appears then that the power of dissolving the fibrin of a coagulum made of homologous plasma, and of producing an abnormal amount of acid, belongs to the malignant element of every sarcoma so far investigated: Rous sarcoma, 8 Sarcoma No. 10,1 and Jensen sarcoma.
It is reasonable to suppose that the growth of Jensen sarcoma within the body is due to the property possessed by the malignant cells of feeding upon blood serum. Whereas normal fibroblasts do not multiply when in blood serum, the Jensen fibroblasts are enabled to proliferate in such a medium. Their malignancy within the organism may arise from this property. Such a difference in the food requirements of Jensen and normal fibroblasts is probably attributable to the increased acid production and proteolytic power of the tumor cell.
